Estimates of forest production 

Growth parameters

In forestry the production is usually measured in terms of trunk volume (m3) instead of biomass weight. The basic parameters are

Diameter at breast height (1.3 meter above ground) = d1.3
Tree height = h

The diameter is measured as shown in Fig. 1 by a measuring device.

Usually the diameter is chosen as the mean value of two measurements at right angles.

Tree height is measured by means of a Suunto height meter. The distance to the tree at level or gently sloping ground is usually chosen at a fixed value, e.g. 20 meter (see Fig. 2). The height of the eye of the observer is

1.8 meter above ground, and a measuring stick is placed close to the tree showing the same height. Then the two angles x1 and x2 are found by looking into the height meter (follow instructions!), as well as the slope angle (v).  x1 and x2  are found on the right-hand scale and v on the left-hand scale of the meter. The tree height is then found by means of the formula

h = (x1 + x2)/100 x 20 x cos v 

The shape of the tree is usually more or less conical, but strongly influenced by the relationship between height growth and diameter growth. The trunk shape (Fig. 3) is therefore more or less similar to the sigmoid-shaped growth curve (see Fig. 5). In forestry a correction factor is usually introduced, transforming the volume of the trunk from a conical to a cylinder-shaped volume with cylinder height = fh. The conversion factor f is called “cylinder ratio”.

The cylinder ratio f is found from tables or diagrams (see Fig. 4) and is a function of  breast height diameter d1.3  and tree height h.  

The cross section of the trunk at breast height is called “basal area” and is a function of d1.3 :

g = basal area = (/4 x (d1.3)2 

The volume of the tree is found as 

v = gh = (/4 x (d1.3)2 x h

Growth and production estimates

The growth of a spruce tree follows the general sigmoid-shaped curve (Fig. 5) with an initial lag-phase with increasing growth rates, then maximum growth rates at about 40 years (Fig. 6) followed by gradually decreasing growth rates.

For growth estimates the diameter increments during  the last 10 years are measured  by a core sampler (=bore) from the trunk. Similarly, the height growth of spruce and pine during the last 5 years is estimated by observing the annual growth, using the Suunto height meter. In birch this is not possible.  

The increase in basal area is:

(g = (/4 x (d22 – d12)          where d2 and d1 are the breast height             

                                             diameters at n+10 and n years.

and the height increment is

(h = h2 – h1         where h2 and h1 are the tree heights at n+5 and n years.

Then the increase in tree volume per year is:

(v = f x (g/10 x (h/5    where f is the cylinder ratio at diameter 

                                       (d2 - d1)/2 (see Fig. 4)

Stand analysis

The total accumulated basal area (“grunnflatesummen”) and the mean tree height for a stand, corrected for basal area in each diameter class, may be found directly (Table 1-2) by measuring every single tree within a given area, e.g. 0.25 ha (2.5 da) where 1 ha = 10 000 m2 and 1 da =  1 000 m2 . But this is a very time-consuming method, because within an area of

50 x 50 = 2 500 m2 (2.5 da) there may be about 500 trees which are above

5 meter height.

Therefore an indirect method has been adopted, which is making use of 

a so-called relascope (see Fig. 7). A relascope is a thin wooden plate with a vertical 1 cm wide slit in it. The plate is placed vertically at right angle

with the viewer exactly 50 cm from his eye. Then the relascope is moved all around the circle and all trees within the sample area that are close enough to fill the slit (“gap”) are marked with flags and counted. The number of relascope trees is equivalent to the total accumulated basal area per ha. This can be shown by the following relationship:

y = total basal area (m2/ha) = basal area per tree / area of relascope circle

   = ((/4 x d2) / ((( x 502 x d2)/10 000) = 2 500 x 10 000/4 = 1 m2/ha    

Fig. 8 illustrates the relationship between the breast height diameter and the radius of the relascope circle. Trees that are close to the limit between included and excluded trees have to be measured directly, and marked separately, to see if the breast height diameter (in cm) is more than twice the diameter of the relascope circle (in meter).

When using the relascope method, a minimum of five parallel measurements should be taken within each stand replicate, either by random sampling or by measuring at a fixed distance, e.g. 20 meter.

With two replicates the total number of relascope circles will be 

2 x 5 = 10. This is usually equivalent to about 50 trees. Therefore a representative sub-sample of trees (e.g. every fourth tree) should be separated out for measurements of breast height diameter and total height, 

with annual increments.

Classification of stand production.

Instead of total basal area per ha, tree (=stand) density is often used as a parameter. The stand density is a very crude parameter, and is not differentiating between trees of different size. However, the relationship in Fig. 10 shows that above a certain limit, the biomass will continue to grow without a corresponding increase in tree density. The reason is poor regeneration as a result of poor light conditions. For the same reason there will be no seedlings with diameter less than 10 cm in very dense spruce stands (basal area > 40 m2/ha), as shown in Fig. 16.

Zero plot percentage is an estimate of how large proportion (%) of the stand is including “gaps” above a certain area, e.g. 4 m2. This can be found by making random samplings with circular 4 m2 plots using a 1.13 m long stick as radius in the circle.

Classification according to tree productivity is usually made by means of a diagram like Fig. 13 where the tree height is plotted against breast height diameter for different 3 m height classes. These are defined according to tree heighs in meter at 40 years age (H40). G17 is defined as the trees in the interval h = 15.5 – 18.5 meter.

Annual biomass (volume) growth (ALT) will follow the growth curve (cf. Fig. 5) and reach its maximum at a lower age than mean annual growth (AMT), which is defined as the total biomass divided by the age of the tree (Fig. 12). There is usually a close relationship between AMT and H40
(Fig. 14), shown in Table 3 with the corresponding tree ages at maturity.

Because the trees usually reaches their maximum height earlier (= at a younger age) than the corresponding secondary growth in the stems (and roots), the total tree height will show a much more rapid increase with increasing breast height diameter in young trees or stands, than in old stands (Fig. 15) 

Crown density is the ground coverage of the tree stand. Estimates of ground coverage can be made for different layers of vegetation, e.g. tree, shrub, field and moss layers. For this purpose random 25 m2 (5 x 5 meter) plots are established. In addition the numbers of tree seedlings in different height (age) classes within the same plots, are also counted (cf. observation sheet) 

Some examples from Oulanka are shown by Kubin (1997). In this area forest fires have been frequently occurring. A few large 210 years old pines have survived the last fire in the area, which took place 85 years ago. After the fire dense regeneration of pine has occurred, and finally also regeneration of spruce (see Fig. 2 and Table 1). Accumulation of calcium (Ca) has taken place in the tree layer, while K and P has accumulated in the ground vegetation and Mg and N in the humus layer.   
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